Early nutritional deprivation in animals leads to a decrease in the number and size of brain cells, deficient dendritic arborisation, and to alterations in the reticular formation. Furthermore, the content of neurohumoral agents-namely, 5-hydroxytryptamine, acetylcholine, and gamma-amino-butyric acid (GABA)-is also greatly altered.15 However, the nutritional demands of the fetus during the early stages of gestation are so small that maternal undernutrition has no limiting effect on the growth and maturation of the central nervous system.6
SUMMARY Polygraphic sleep cycle studies-comprising simultaneous recording of electroencephalogram (EEG), electrocardiogram (ECG), electro-oculogram (ECOG), phasic body activity, and respiration-were performed on 19 term newborn babies born to severely undernourished mothers, and results compared with 19 healthy newborn babies. The sleep cycle in babies of undernourished mothers showed disorganisation during active rapid eye movement (REM) sleep and quiet nonrapid eye movement (NREM) sleep. The sleep disorganisation was more pronounced during quiet NREM sleep when frequent phasic activity and ocular movements were registered, thereby leading to a significant increase in the content of intermediate sleep. Furthermore, the duration of total sleep cycle and its components, active REM and quiet NREM sleep, were significantly shortened.
Early nutritional deprivation in animals leads to a decrease in the number and size of brain cells, deficient dendritic arborisation, and to alterations in the reticular formation. Furthermore, the content of neurohumoral agents-namely, 5-hydroxytryptamine, acetylcholine, and gamma-amino-butyric acid (GABA)-is also greatly altered.15 However, the nutritional demands of the fetus during the early stages of gestation are so small that maternal undernutrition has no limiting effect on the growth and maturation of the central nervous system.6
The early maturing reflexes and neuromotor features are therefore less likely to be affected. As the neuromotor behaviour and reflex pattern in the newly born are mainly subcortical in origin, the conventional neuromotor evaluation may not show changes in the various regions of the neocortex.
Some investigators have shown that bioelectric brain activity, sleep cycle, and various other electroencephalographic patterns make their appearance and mature at a constant rate in accordance with conceptional age, and are unaffected by low birthweight.7-10 Polygraphic study is therefore a sensitive index for evaluating deficits in maturity and Department of Paediatrics, Banaras Hindu University K N AGARWAL, professor of paediatrics V P BHATIA, senior resident paediatrician G P KATIYAR, reader in paediatrics T K DAS, research fellow in physiology P K DEY, professor of physiology organisation during intrauterine growth. In the present study polygraphic recordings were used to evaluate the pattern of sleep cycle in babies suffering from severe intrauterine nutritional deprivation.
Material and methods
Subjects. A sample was taken of 19 newborn babies of severely undernourished mothers, who had haemoglobin levels <8 g/dl and serum albumin levels <25 g/l (mean ± SE; 5 5 ± 0 19 g/dl and 17 2 ± 0-96 g/l respectively), and weights < the 25th centile of that expected for height (40.8 ± 0-89 kg). An equal number of healthy newborn babies were chosen as controls from mothers who had had regular antenatal care, and haemoglobin > 1.1 g/dl (12-6±0i29) and albumin >35 g/l (36-1 ± 0 77). These mothers had weights above 50 0 kg (54 9 ± 1I 35) and heights above 150 0 cm (155.1 ± 0 97). The mothers in both groups had uncomplicated antenatal and obstetrical history, and knew the exact dates of their last menstrual periods.
Only term newborn babies with gestations of 280 ± 2 days were studied. These babies did not suffer from any birth injury or anoxia and had remained in hospital for a normal period of time.
Methods. The following parameters were recorded simultaneously. These comprised the polygraphic studies. (1) Bipolar EEG recordings were made in a 16-channel polygraph machine (Kaizer), using Ag-AgCl polarised disc electrodes. Paper speed was 15 mm/ second, time constant was 0 1 second, and high frequency cut filter was used. Electrode resistance was kept <10 k ohms.
ECG was recorded using lead I. ECOG was recorded using 2 electrodes and by visual observations. Respiration was observed continuously during the recording and 3 types of patterns were found-namely, regular, irregular, and periodic/ apnoeic.
A continuous record of body movements was made with precise discrimination using the following observation code: Grade I, slight movement/ movement of one component of an extremity. Grade II, moderate grade of movements, head rotation not crossing midline. Grade III, gross, high amplitude movements, rolling over, cry. Each recording lasted between 2j and 3 hours.
Sleep cycle Active REM sleep. If 4 of the following criteria were present the baby was said to be having active REM sleep: (1) low voltage-high frequency EEG, (2) frequent phasic activity, (3) irregular respiration, (4) irregular heart rate, (5) presence of rapid eye movements. Quiet NREM sleep. If 4 of the following criteria were present the baby was said to be having quiet NREM sleep: (1) high voltage, low frequency EEG, or 'trace-alternant EEG', (2) absence of phasic body activity, (3) regular respiration, (4) regular heart rate, (5) absence of ocular movements.
Sleep which could not be designated to either state was categorised as 'intermediate'.
Blood samples were collected from the mothers before delivery to estimate haemoglobin, total proteins, and albumin.'1 Wet placental weight was recorded, after trimming the membranes to the margin and cutting the cord at insertion. Results
Babies born to undernourished mothers had severe intrauterine growth retardation, the mean weight with standard error being 2007 97 ± 9 09 g compared with 3178 47 ± 78-18 g in the control group. The placental weight was reduced in proportion to the baby's weight, demonstrating a direct correlation, the value of 'r' being + 0 45 and + 0 47 for the undernourished and control groups respectively. These correlation coefficients were significant (P<0 05; Table 1 ).
The graphic presentation of the sleep cycle showed that the organisation of the various parameters (EEG, respiration, heart rate, body activity, and ocular movements) during sleep was poor in most of the babies born to undernourished mothers (Fig. 1) , while babies in the control group showed a fairly good degree of organisation for these parameters (Fig. 2) . The disorganisation in the former group occurred mainly during quiet NREM sleep when frequent body movements were registered, the heart rate was often irregular, and there were many ocular movements. This disorganisation led to a significantly increased amount of intermediate sleep compared with the controls (P<0-01; Table 2 ).
Normal newborn babies showed reduction of heart rate during quiet NREM sleep by 7 9 ± 1 -09 beats/minute compared with active REM sleep, but this reduction was less evident in the undernourished group (4 85 + 0 93, P<0 05). Ocular movements and their variations during active REM and quiet NREM sleep were found to be similar in both groups (Table 3) .
The mean durations of the total cycle, quiet sleep, and active sleep are shown in Table 4 . The duration of the total sleep cycle was significantly shorter in babies born to undernourished mothers (41-6 ± 1 81 min) compared with the control group (51 *6 ± 1I36 min). The values for active REM and quiet NREM sleep of the control group were 26 * 9 ± 1 * 29 and 24 7 ± 0 75 min respectively. The corresponding values for the undernourished group were 20'4 ± 1I28 and 21 3 ± 0'84 min respectively. Both differences were highly significant.
The sleep cycle in the babies of birthweights between 2000 and 2500 g (mean 2146) resembled that of babies weighing under 2000 g (mean 1870). In the latter group, duration of active sleep was further reduced while quiet sleep remained unaltered. The difference was however, not significant (P<0 1; Table 5 ).
In several EEG recordings of the babies in the undernourished group there was pronounced inter-and intrahemispheric asymmetry and abnormal paroxysmal discharges were recorded. It was still possible to identify the sleep cycle in such records.
Discussion
The values of duration of the total sleep cycle, active sleep, and quiet sleep ofthe control group in the present study were similar to those of Roffwarg et '8-20 It is difficult to assess whether the reduction of these neurohumoral agents in the total brain is reflected in sleep regulating centre(s).
Disorganisation of the sleep cycle and the reduction in REM sleep content may be important in the development of intellectual and neurointegrative functions of the infant. REM sleep is considered to be ontogenetically primitive, and constitutes the major proportion of sleep in preterm and term infants.9 12 21 It offers intense stimulation to the CNS, considered to be essential to the developing brain in utero, and later in early extrauterine life when external stimuli are limited. 9 The percentage of REM sleep may decrease owing to environmental deprivation22 or it may increase after a period of intense learning.23 REM sleep deprivation may lead to poor acquisition or retention of several kinds of learning.'2 These studies are particularly relevant since severe intellectual and neuromotor deficits have been noticed in babies of low birthweights.24 undernourished mothers. 
Sleep cycle studies in babies of

